We prove the global uniqueness in determination of the conductivity, the permeability and the permittivity of the two-dimensional Maxwell equations by the partial Dirichlet-to-Neumann map limited to an arbitrary subboundary.
In general for some values of the parameter ω, the boundary value problem
may not have a solution for some f . By D μ, we denote the set of all the functions f ∈ H ( Γ) such that there exists at least one solution to ( ). As for the mathematical theory on the boundary value problem for Maxwell's equations, we refer for example to Dautray and Lions [ ].
In general for some f ∈ D μ, and some values of ω, there exist more than one solution. In that case as the value of Λ μ, f , we consider the set of all functions ⃗ ν × H where the pairs (E, H) are all possible solutions to ( ). Thus our definition of the Dirichlet-to-Neumann map is di erent form the classical one, and we have to define the equality of the Dirichlet-to-Neumann maps.
Definition. We say that the Dirichlet-to-Neumann maps Λ μ , and Λ μ , are equal if D μ , ⊂ D μ , and for any pair (E, H) solving
there exists a pair ( E, H) which solves
Then we can state our main result: 
Then μ = μ and = .
As Proof. First we observe that system ( )-( ) can be separated into two independent systems of partial di erential equations. The first system has the form
The second system can be written as
After we plug the expressions for H and H from the first two equations into the third equation of ( ), we obtainL
Observe that in order to solve system ( ), it su ces to solve the conductivity equation ( ) and then determine the first two components of the magnetic field H by the formulas
Finally, using equation ( ) in ( ) to eliminate E , we obtain the last equation in ( ). Similarly in order to construct a solution to ( ), we solve the conductivity equation ( ) for H and then determine the first two components of the electric field E by the formulas
Finally, using these formulas in ( ) to eliminate H , we obtain the last equation in ( ). Next, we claim that if the Dirichlet-to-Neumann map is given, then we can recover the following (A)-(B).
(A) The Dirichlet-to-Neumann map
Let u be a solution to equation ( ). We set
Let q = and H = E = E = . Finally, the functions H and H are given by ( ). Then
and the following is known:
Since the trace of the function μ is known on Γ, we can determine
Let u be some solution to equation ( ). We set
Let us make some choice of the function q = ( , , f). Then
Since the traces of ϵ and σ on Γ are known, the choice of f uniquely determines ν E − ν E on Γ. Then from the Dirichlet-to-Neumann map ( ), we determine the traces of the functions ν H and ν H on Γ. Hence H = u is determined on Γ.
Consider the Dirichlet-to-Neumann map
We have:
Proposition . . If the Neumann-to-Dirichlet map ( )-( ) is known, then the Dirichlet-to-Neumann map ( )-( ) is also known.
Proof. Indeed, suppose that for some function g there exists a solution to the boundary value problem ( ). We denote such a solution as u . Let
The proof of the proposition is complete.
Making a change of unknown functions in ( ) as u = μw and in ( ) as u = w, we have
The above change of unknown functions preserves the Dirichlet-to-Neumann map ( )-( ) and transforms the Dirichlet-to-Neumann map ( )-( ) into
Therefore by [ , ] , we obtain
By ( ) and ( ), there exist matrices
By the uniqueness theorem for the Cauchy problem for such a system, we have r ≡ . The proof of the theorem is completed. 
